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Summary 

Four  routes  were  chosen  to  investigate  the  preparation  of  dinitrodicy- 
anoethylene  JU 

1.  Oxidation  of  diarainomaleonitrile  2. 

2.  Oxidation  of  dicyanofuroxan 

3.  Oxidation  of  the  dioxime  of'  dioxosuccinonitrile. 

M.  Dehydrodimerization  of  nitroacetonitrile  5. 

CM 

f 

NCCsNOH  CHg 

NCC=NOH  H02 

.1  1 


Progress  along  the  first  and  last  of  these  four  routes  indicates  that 
the  goal  will  soon  be  achieved. 


Oxidation  of  QAMN,  2. 


NCI 

NCCN02 

NCCNH? 

NC< 

NCCN02 

nccnh2 

1 

2 

Draw 

DAMN 

A 

o* 


1 

DCF 


Coramero ially  available  diaminomaleonitrile  when  treated  with 
trifluoroperacetic  acid  did  not  give  an  isolable  product.  When  refluxed  in  90 
percent  hydrogen  peroxide  in  acetone  solution  for  2  hrs,  oxaoide  was  isolated 
i«  78  percent  yield. 


DAMN 

2 


90*  H„0 


2  2 


reflux 


-^H2NC0C0NH2 

78* 


Literature  methods  ^  were  followed  to  prepare  the  monolmine  6  and 


the  cyclic  bislaine  £ 
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NCCNsCHC,H11OCH--p 

||  o  "  3  *■ 

ncchh2 
6 

The  imine  6  was  unreactive  toward  neutral  hydrogen  peroxide  (90 
percent)  in  refluxing  tetrahydrofuran .  Both  acidio  hydrogen  peroxide  and 
m-chloroper benzoic  acid,  MCPBA,  consumed  the  imine  6  but  analyses  of  the 
complex  mixtures  were  unrewarding.  According  to  a  general  method  for  the 

C  A 

hydration  of  a  nitrile,  ’  alkaline  hydrogen  peroxide  transformed  the  imine 
6  into  a  known  amide.® 


(H2°2), 

NaOH  - 


NCCN=CHC,  H..0CHo-p 
&  4  3 


:^ncocnh2 


Although  per maleic  aoid  has  been  recommended  for  the  oxidation  of  a 

7 

primary  aou.no  group  into  a  nitro  group,  it  hydrolyzed,  oxidized  and 
rearranged  the  imine  6  into  £-methoxyphenyl  formate  without  a  trace  of  the 
formation  of  a  nitro  compound. 


HOpCCHsCHCO.H 

6  — - * —  £-CH3OC6H4OCHO 

Permaleic  acid  transformed  DAMN,  2,  into  cyanoformamide  and 
2 , 5 ,6-tricyano-3-aminopyrazine . 


RCO.H 


.  -s  •  :(jq 

ap  60-62C 

ref  8  dec  220-222C 

ref  9 

Selenous  acid  in  hot  acetic  acid  smoothly  oxidized  the  imlne  6  into 
3,4-dioyanoselenadiazole,8, 10  2-  (jj-metho  xyphenyl ) -4 , 5-dioyano imidazole  and 
aniaaldehyde. 

H_SeO_  NCC=NV 

6  -2— 1*  I  N 

te0H  HCC=»^ 

8 

Singlet  oxygen,  a  chromium  (IV)  complex ,  ceric  ammonium  nitrate  and 
trifluoroperoxyaoetic  acid  were  each  unreactive  to  the  selenadiazole  8. 

Peroxidation  of  the  bisinine  2  save  considerably  better  results, 
although  a  simple  treatment  with  MCPBA  gave  an  intractable  mixture.  Neutral 
hydrogen  peroxide  in  a  mixture  of  methanol  and  acetonitrile  gave  oxamide  in  40 
percent  yield  whereas  the  oyolio  peroxide  10^80  peroent  yield,  deo 
125-126°C,  with  only  traces  of  oxamide,  was  produced  by  the  same  reaction  in 

4 

aoetonitrile  (methanol  not  present).  The  peroxide  JO  was  also  the  major 
produot,  74  peroent  yield,  when  the  bisimine  2  was  treated  with  hydrogen 
peroxide  in  methanol  whloh  contained  a  tertiary  amine  or  a  traoe  of  alkali. 
Apparently  an  Intermediate  hydroperoxide  2  was  involved. 


C6H4OCH3-£ 


£-CH3OC6H4CHO 
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H  H 


£  jo 


A  slow  spontaneous  thermolysis  of  the  peroxide  JO  became  rapid  on  heating  and 
gave  2,4-pentanedione  presumably  with  diiainosuooinonitrile  JJ.  Hydrogen 
peroxide  also  reacted  with  the  cyclio  peroxide  JO  to  produce  the  diketone  as 
well  as  oxamide  12. 


10 


IfC-pXH 

11 


<h2hco)2- 

12 


lodobenzene  diaoetate  in  benzene  quantitatively  dehydrogenated  the 
peroxide  JO  into  a  new  oyolic  peroxide  JJ.  The  latter  also  produced 
2,4-pentanedione  an  thermolysis  (presumably  undetected  cyanogen  was  also 
formed). 


Hydration  of  oompound  JJ.  during  ohromatography  (silioa  gel)  gave  the 
diamide  J4.  A  related  reaction  with  methanol  gave  the  adduot  J£. 
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Jfi 


h2o 
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H-NCOC 


*2 

H-HCOC. 


^N- 

14 


JL2. 


OCH. 


CH3OH  v 


I  CH 

NC-C-NH-C— 
NC-C-NH-C — 

OCH3  3 
15 


MCPBA  in  acetone  transformed  the  bisimine  XI  into  a  blsoxaziridine  .16 
in  moderate  yield. 


0 — /N- 
1/ 

- CCH. 

12 

MCPBA  \  NCC 
- 7  | 

NCC^. 

6-^n- 

—  CCH 

J6 

Peroxidation  of  the  bi3oxaziridine  Jl6  is  under  investigation.  An 
oxidative  fragmentation  of  intermediate  JJ.  into  DNMN,  J.,  is  anticipated  as 


*pkis  p/i-T7  rr  **•<•«•  pT’f’.’T'  w - 

f '  •  ‘  •  •• 


shown 
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Molecular  formulas  for  new  compounds  TO,  1^,  T4.,  _T5,  and  _16  have  been 
confirmed  by  elemental  analyses  for  C,  H,  H  and  sometimes  0;  by  mass 
spectrometry  (for  m  v  and/or  fragment  ions);  and  by  nmr  and  ir  spectroscopy. 
An  isolated  oxidation  product  from  compound  _16  and  MCPBA  has  not  been  fully 
characterized.  According  to  nmr  and  ir  analysis  it  contains  no  hydrogen. 

2.  Oxidation  of  DCF.  3 

DCF,11^,  absorbed  on  an  alumina  column  gave  the  diamide  JJ3  almost 
quantitatively  on  elution  with  methanol.  Slightly  lower  yields  were  obtained 
when  3  was  treated  with  oleum  with  or  without  hydrogen  peroxide. 


H-NCOC 
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-)  "2 - f  0 


t8 
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Singlet  oxygen  in  methanol  gave  a  mixture  after  workup,  of  the  diamide 
18  and  an  unspecified  methanol  adduct  19. 


2 


CH3OH 


18  +  3«CH_0H 

—  ^  3 

19 


DCF  and  hydrazine  (85$)  in  dimethyl  formamide  gave  a  pyridazino- 
furoxan  20. 


DCF 

2 


W20 

DMF,  0°C 

4fc 


20,  67$ 

mp  118  -  119  C 


An  adduct  21  between  DCF  and  hydroxylamine  was  obtained  by  treatment 
with  hydroxylamine  hydrochloride  in  DMF.  Sifhen  warmed  in  a  mixture  of  ethyl 
acetate  and  hexane  the  adduct  apparently  lost  a  nitrogen  and  a  hydrogen  atom 
to  give  a  new  compound  22. 


DCF 

l 


H2N0H*HC1 

DMF,  0°C 
4  h,  -  HC1 


»  c4h3n5o3 
21 

ap  143-144°C 
78% 


ch3co2c2h5 

and 

Ve 

80°C 
-  "HR" 


->  c4h2n4o3 
22 

dec  177-178°C 
60% 


THI  £  p/»  T 


“r  TO  ».  A  ♦/-. 
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The  diamide  J[8  resisted  reaction  with  both  hydrazine  and  hydroxylaminc 
under  similar  circumstances. 

Further  characterization,  including  oxidation,  of  compounds  21  and  22 
is  underway. 

DCF ,3.*  has  resisted  attempts  to  open  the  furoxan  ring  by  oxidation, 
although  considerable  progress  has  been  realized  in  the  peroxidation  of 
benzofuroxans  into  corresponding  o-dinitrobenzenes  in  a  project  not  supported 
by  OMR. 


3.  Oxidation  of  the  Dioxlme  4. 

The  dioxioe  4  of  dioxosuccinonitrile  was  prepared  according  to  a 
12 

literature  procedure .  When  treated  with  iodobenzene  diacetate 

13 

(recommended  for  dehydrogenation)  in  benzene  solution  at  room  temperature 
it  wa3  3lcwly  converted  into  DCF.  A  similar  reaction  between  the  dioxime  4^ 
and  iodobenzene  diacetate  rapidly  occurred  even  in  a  mixture  of  the  solids  to 
give  DCF.  The  formation  of  DCF  probably  proceeded  from  the  transient 
dinitroso  compound  23. 

CfiH  KOCQCH  ) 

NCC=NQH  5  5  ^  NCCNO  n.  DCF 

i - >  i!  — : - * 

NGCsNOH  NCCNO 

C6H5,  25  c 


4 


21 


10 


The  dioxime  J£»  when  heated  with  iodobenzene  diacetate  in  the  presence 
of  90  percent  hydrogen  peroxide  in  acetone,  gave  a  solid  product  melting  at 
1 31*— 135°C .  A  high  oxygen  content  was  indicated  by  the  empirical  formula 
Cti^O.  The  structure  of  this  compound  is  under  investigation . 

Halogenation  of  the  dioxime  4  followed  by  oxidation  and  dehslogenation 
was  a  conceivable  sequence  for  the  proposed  formation  of 
dieyanodinitroethy iene,  J* 


2  2 


X-  0  f 0] 

4 - £ - >  (NCC(X)HO), - >  (KCi(X)NO,) 

~  HX  24  25 

-  X, 

24  - - - >  DCF 


-  X., 


n 


W 


CM 


N«o2 


When  the  dioxime  4  was  treated  with  a  suspension  of  sodium  bicarbonate 

14 

and  N-bromoBuccinimide  in  water,  unidentified  water  soluble  products  were 
obtained.  When  the  dioxime  was  treated  with  N-hromosuccinimida  in  carbon 
tetrachloride  solution  at  either  -5  or  25  °  C,  DCb  was  obtained. 

Chlorination  of  the.  dioxime  4  at  -60°C  also  produced  PCF,£. 


4 ,  Dehydrodiaerlzation  of _N itroacetoritrile  5 . 


A  compound  26,  ,  (not  identical  with  22 )  was 

tentatively  given  the  structure  of  d icyanooet haaonic  acid  2J.  ^  a 
reassignment  as  the  cyanoraethyl  ether  28  of  nitrocyanocarborsyl  is  supported  by 


this  pact  t- 


r- rRACTlCJ&LB 


11 


elemental  analysis,  mass  spectrometry,  and  runr  and  ir  spectroscopy.  It  was 

1 5 

obtained  on  the  treatment  of  jodoacetonitrile  2§  with  silver  nitrite.  The 


intermediacy  of  nitroaeetonitrile  5  is  assumed. 


AgNO- 


ICH  CM 


- - )  5  - - )  C.H^O, 


NC-CCU:W)=NO..fi 

HON 

27 


0  NCrNGCH - CH 


28 


On  nesting  in  water  compound  26  (28)  was  transformed  into  compound  ^O, 
C6Hurtj,02,  previously  unidentified. !i>  The  assignment  aa  the  cyano- 
nothyl  ether  JH  of  eyanoaethyl eyenobydroxiaate  is  supported  by  elemental 
analyses ,  mass  spectrometry,  arid  runr  and  ir  spectroscopy ..  A  rationale  for 
these  reactions  is  shown. 


29 


AgflO,. 


hCCSO,. 
U  - 
HOB 


* 

-  ii 


NCCiHOCH.CN 

i  2 

28 


heat 


C6H6*V';2 

■  n 


this  pa  Gy  ii  Bt;;r  quality  practical 

FivWa  CUr  X  ,• 


H^O,  80°C 
_ <:  J _ 

-HCN,  -~N2G  '  J‘2 

-CO..  ON 


OH 

! 


Aft 

_21L - i. 

•mo...  ' 


NCCaNOOH.CN 

1  2 

OCR  ./ON 

11 
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A  pyridiniua  salt  32  of  the  G-benzoyloxhte  derivative  of  compound  27 
was  recently  reported  by  Gr-undmanr. . 1  ^  His  preparation  of  2£  from  oethazonic 
acid  33,  shown  in  the  scheme,  has  been  repeated  since  an  authentic  compound  27. 
3hculd  be  easily  dehydrogenated  into  nltroniirosocialeonitrile  35  ^or 
isomeric  fumaronifcrile; « 


02NCH^CHsN0H 


H-SQ„ 

2  t 


.31 


HON  -  0  i  i  C-  C  C  H  - ;  N  C’  l ! 
//  Y. 
r;  NO 


vo 


H2° 


- - >  h'ON=CHO — Q 

heat  »  I 


CH=NOH 


-  M 


OH -NOB 
HC  —'cCHNCt 


0cHr GOCi 
b  5  _ 


HON  KG.H 

C,H  CQC1  f*  „ 

— JlJL~ - >  HC  —  C  — —  CsNO 

is  It  *  2 

W  W 

CN  CN 

C,HcCO.N=C-~*C=NO  ,'C..H,N 
6  5  2.,-,  ~  o  o 

■aLz. 


32 


«3° 


CN  CK 

->  HGN-C - C*JK)0K 


f“] 


NCCHO., 


4  if  £ 

■  NCCNO 

34 


Methszonic  acid  33  baa  also  been  transformed  by  thienyl  chloride-  into 
nitroaeetonitrile  5. ,b  DenydrodiiEerization  of  the  latter  by  selenium 
dioxide  and  by  debromi nation  of  the  dibroao  derivative  £  are  under 
Investigation .  Known  model  reactions  are  also  shown  in  the  scheme. 
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